This quasi-experimental study reports on the effectiveness of three assessment strategies for students' performance. The primary goal was to determine whether there are any improvements in students' conceptual learning when a frequent (weekly) quiz is used for grading purposes compared to using midterm and final examinations only. Another goal was to ascertain whether students perform better when they are allowed to work collaboratively on quizzes compared to students taking quizzes individually. The results showed that when the quizzes are open-book, and students have a chance to collaborate (discuss in pairs how to answer the quiz questions), they perform significantly higher in their final examinations and their final projects (an indicator of conceptual learning).
approaches have been considered to improve students' learning through frequent testing. Some educators have suggested using open-book tests while others recommend closed-book tests (Gharib et al., 2012) . Some have argued that tests are more successful if teachers provide students with their notes, while others believe students should take their own notes (Raver and Maydosz, 2010 ). An important factor that has not received much attention in the literature is the effectiveness of collaborative test taking. The following literature review synthesizes the literature on frequent testing with an attempt to find the most effective ways in which teachers can engage students in conceptual learning.
Recently, technology has made it possible to design and administer tests much faster and easier than the past. Technology has also facilitated teachers' communication with students and collaboration among students. Consequently, three topics have been given special attention in the literature: first, the effectiveness of frequent testing on students' achievement (Bangert-Drowns et al., 1991; Başol and Johanson, 2009; Phelps, 2012) ; second, students' access to teacher's notes or the comparison of open-book, open-note, or open-web with closed-book tests and quizzes (Agarwal and Roediger, 2011; Gharib et al., 2012) ; finally, the use of PowerPoint and/or class notes in teaching and the comparison of the time (before lecture vs after lecture) of students' access to class notes (Westerkamp et al., 2013) . As reflected in the following summary of the literature, the results of these investigations are limited because most of earlier investigations have focused on one strategy at a time.
Frequency of testing
Many studies have been conducted in the past to investigate whether students who are frequently tested learn better than those who are only tested at the middle and/or end of the semester (summative assessment). Summative assessment has been traditionally used in higher education, and still many teachers use them for grading purposes. However, as noted by some educators, summative assessments occur at the end of a semester when there is no time for correction in students' projects or papers after receiving feedback from the instructor (Pokorny and Pickford, 2010) . Others have argued that even when timely formative written feedback is provided, it may not be read, may not be understood, and may not be acted upon (Gibbs and Simpson, 2003) . Therefore, frequent (daily or weekly) testing and frequent effective feedback has been suggested as a process of ongoing engagement through the provision of opportunities for self-assessment and dialogue (Race, 2008) .
With formative assessment through frequent testing, teachers try to urge students to read and practice more. However, if the test or quiz is not graded or does not have marks (points) attached, many students will either not do it at all or only do it in a perfunctory way (Rust, 2002) . Teachers also expect that frequent testing and immediate feedback will help both the teacher and students to identify their weaknesses and/or their misconceptions. Through frequent testing and immediate feedback "students generate internal feedback as they monitor their engagement with learning activities" (Nicol and Macfarlane-Dick, 2006: 2) . Finally, frequent testing is expected to positively influence students' study habits. However, researchers have not ascertained whether frequent testing actually leads to higher order thinking and deeper understanding (conceptual learning) or simply increases factual knowledge.
Frequent testing is usually not an easy task for either students or instructors. Taking tests can be stressful for many students and designing and grading frequently could also be an overload for teachers. Furthermore, some teachers, particularly in higher education, are not convinced of the positive effects of frequent testing (Başol and Johanson, 2009) . They believe that with frequent testing teachers will not have enough time for instruction and students may focus on how to perform better on the test rather than focusing on learning. Educators have criticized this phenomenon, well known as "teaching to the test." For example, Volante (2004) reported that while students' scores rise when teachers teach closely to a test, learning often does not change. This viewpoint has led some higher education instructors to avoid tests and focus mainly on papers and projects. However, one should note that "teaching to the test" is more likely to happen in high-stake assessments rather than daily or weekly quizzes.
Individual and meta-analysis studies have frequently reported the positive effect of frequent testing on students' achievement. The positive effects of frequent testing have been observed in a variety of subject matters and grade levels (Bangert-Drowns et al., 1991; Başol and Johanson, 2009; Phelps, 2012) . Marsh and Sink (2010) report that long-term retention is generally better after testing as opposed to studying with no testing. Some have compared weekly testing with biweekly testing and others have compared one test with more than one test per semester. Kika et al. (1992) compared two classes taught by the same instructor, the only difference in the classes was the frequency of tests-weekly versus biweekly. They found that mean scores were significantly higher during the weekly testing periods than during the biweekly period. Interestingly, qualitative research studies demonstrate even stronger relationships. For example, Phelps (2012) reported that 93% of qualitative studies have reported on the positive effects of frequent testing while only 1% reported negative effects.
Although several researchers have reported that frequent testing has positive effects on students' achievement, the results of a meta-analysis by Başol and Johanson (2009) showed that the effectiveness of frequent testing does not differ according to the frequency level used in high-, medium-, and low-frequency group studies. This means that it is not clear how frequent is frequent enough and which subject matter might be appropriate for frequent testing. Başol and Johanson (2009) report that among different subjects, frequent testing was most effective in mathematics. In contrast with the common belief among educators, they report that among the three levels of learning (factual, conceptual, and problem solving), frequent testing was most effective for conceptual learning. Similarly, Hamaker (1986) reported that students' performance was better on higher order questions than on factual questions. His findings also indicate that when the instructor provides feedback to learners after each test, the effectiveness of frequent testing increases. Regarding the above meta-analyses and individual studies, while it is clear that frequent testing has positive effects in most cases, it is not evident what factors increase or decrease its effectiveness. For example, does it make a difference if the tests are open-book or closed-book?
Open-book testing
The literature on open-book tests is not as rich as the research on test frequency, and the results are not as positive either. Most students prefer open-book or open-note examinations over closed-book examinations (Agarwal and Roediger, 2011) . However, as Gharib et al. (2012) report, there is not much agreement among investigators as to which testing style might be more effective in students' learning and their active engagement in learning. In theory, open-book examinations are designed to encourage students to study more deeply and put less emphasis on memorization (Stalnaker and Stalnaker, 1934) . Feller (1994) has argued that open-book examinations are more authentic because people have access to resources they need to perform their job in real life. Researchers have reported different results in comparing open-book and closed-book examinations. Westerkamp et al. (2013) reported that medical students scored significantly higher when preparing for closedbook tests. Similarly, Block (2012) observed that when students were told the examinations were closed-book they came to the test better prepared. However, Gharib et al. (2012) reported that open-book examinations in psychology courses led to better test scores, less test anxiety, and greater student satisfaction. Similarly, Krarup et al. (1974) reported higher student grades with open-book examinations.
A factor that has not been thoroughly investigated is the long-term effect and long-term retention of material after open-book quizzes. One study showed that while in the short term open-book examinations had positive effects, the effectiveness on long-term retention was not higher than closed-book examinations (Agarwal et al., 2008) . Likewise, Patil (2012) did not find a significant difference between the two modes of examinations in terms of student learning over time.
A similar debate exists regarding comparing closed-notes examinations with open-notes examinations (Gharib et al., 2012) and comparing open-web examinations with closed-web examinations (Williams and Wong, 2009 ). Interestingly, Agarwal and Roediger (2011) concluded that expecting and preparing for open-book examinations may impair long-term retention compared to the situations where students study to prepare for closed-book tests "despite superior initial performance on open-book tests and students' preference for open-book tests" (p. 836).
Finally, as suggested by Westerkamp et al. (2013) , with the increasing rate of online resources available to students, the use of open-book and open-web tests seems inevitable. Nowadays, an important educational task for students is to locate, assess, and properly apply these resources in their projects. According to the authors, students' ability to locate, assess, and synthesize online/ in-print information in a short time period (1-2 hours of examination time) cannot be assessed through closed-book tests.
Collaborative test taking
The merits of cooperative learning for adult learners have been well documented in the literature (Dallmer, 2004) . The range of benefits includes engaging students in active learning, promoting self-understanding, encouraging critical thinking, improving interpersonal skills, increasing motivation, and learning about teamwork. Recently, some educators have argued that a vast majority of today's students will ultimately find work in which they have to interact with other people (Hurren et al., 2006) . In order to be successful in the job market in the future, the authors argue that students need to develop an ability to work with others. Yet, not all research has supported collaborative learning activities. For example, Bacon (2005) found that students who completed a project in groups learned less of the project-related content than students who completed a shortened version of the project individually. He argued that some students slack off when they work collaboratively in pairs and that this free riding likely reduces the learning of some students. Similarly, Kennett et al. (1999) concluded that cooperative learning did not facilitate academic performance.
Despite some skepticism about collaborative learning, many instructors are using collaborative projects in their courses because the number of positive reports is significantly more (Billington, 1994) . A few studies have indicated the benefits of occasional collaborative test taking (Bloom, 2006; Russo and Warren, 1999) . However, systematic and frequent collaborative quiz taking as a teaching strategy rather than as an assessment method has not been investigated. Surprisingly, studies have mainly focused on retention or immediate performance on tests rather than on investigating effects on conceptual learning, critical thinking, and higher order thinking.
In sum, many educators agree on the benefits of frequent testing. While a couple of studies have questioned the effectiveness of frequent testing on conceptual learning, overall it is not yet clear whether frequent testing would simply improve students' performance on factual tests or whether it would be helpful on higher order thinking and more conceptual questions as well. The literature on the comparison of open-book and closed-book tests is also inconclusive. It is not clear whether open-book examinations are simply offered to reduce students' stress or whether, in fact, there is real improvement in students' learning when open-book quizzes are used. More importantly, there is a gap in the literature on frequent collaborative quiz taking as a teaching strategy.
Regarding the aforementioned gap in the literature, it could be concluded that there is a need to examine the effectiveness of frequent testing, open-book quizzes, and collaborative quizzes altogether. There is a need for an experimental or quasi-experimental research to compare "frequent quizzes plus midterm and final examination" with the traditional "midterm and final examination only" assessment strategy. There is also a need to see whether students' collaboration on a test has a short-term or a sustainable effect. It is proposed that if students are given a chance to discuss and collaborate in pairs as they answer the quiz questions, they would perform better both on weekly quizzes and on their final examinations as well as their final projects (an indicator of deep understanding and higher order thinking). Regarding the benefits of collaborative learning as discussed in the literature review, it is hypothesized that if students are allowed to discuss and work together, they will perform better at the end of the semester in comparison with an individual quiz-taking situation.
Methodology
A total of 288 students participated in this study. Various groups of participants took a "Quantitative Research Methods" course in 12 different sections during 5 years from fall 2009 to fall 2014. All participants were from California State University, Long Beach, United States. The age range of the participants was from 24 to 52 years. Some students took the course in regular semesters (Fall, Spring) and other groups took the course in Summer session. Regular semesters take 16 weeks and students meet only once a week. In summer sessions, however, students meet twice a week and the semester is only 6 weeks long.
The same instructor (the author) taught all sections of the course using the same textbook and the same table of contents in the same room. All classes were held in a computer lab where students could take the quizzes on a computer and had access to all their notes as well as the instructor's PowerPoint slides. A midterm, a final examination, and a research project were required for all sections of the course. The midterms and finals had a similar format and the same level of difficulty, but they covered different chapters of the textbook. For the final project, students were expected to choose a research topic and write a 10-page research proposal.
This study compared three phases of teaching using a different assessment strategy in each phase. Each phase consisted of three to five sections of the course being taught by the instructor at that time period. It might be argued that these sections were not comparable in terms of students' characteristics and demography. However, since multiple sections of this course were studied in each phase, it was unlikely that the students in one phase were inherently and significantly different from the other two phases.
In the first four sections of the course (phase 1), the researcher used traditional assessment: students were assessed through a midterm and a final examination and a final project but no quizzes were given. Students in these sections received lectures about each chapter of the book and thereafter participated in an activity related to that chapter. The questions on the examinations were a combination of factual and conceptual questions. For factual questions, students were asked to show their understanding of research terminology, and for conceptual questions, the instructor provided a scenario in which students were asked to propose the most appropriate approach to answer the research question(s).
In the next three sections of the course (phase 2), the instructor offered a quiz after each lecture. The quizzes were weighted only 30% of the total points given for the course. To ensure the equivalency of the quizzes in multiple sections of the course, the same test bank was used in all sections. For each quiz, a random of 20 questions were selected from the test bank. These quizzes were open-book and open-notes, but students were not allowed to work collaboratively on the test. Everything else in this phase was similar to the first phase of the study, including the final projects, midterms, and final examinations. In the last five sections (phase 3) of the study, students took a quiz right after the lecture on a chapter. These quizzes were open-book and open-notes, and students were allowed to either work individually on the test or work in pairs to discuss and answer the questions together. Almost all students chose to do the test in pairs. They were not allowed to work with the same partner on different quizzes. Everything else was similar to the second phase of the study including the final projects, midterms, and final examinations. It should be noted that the midterm and final examinations as well as final projects had to be done individually, not collaboratively, in all three phases of this study.
Results
One-way analysis of variance (ANOVA) was used to compare students' learning in the three phases of teaching. The average of students' scores on the final examination and their final project, labeled as "final performance," was used to make this comparison. The midterms and student scores on weekly quizzes were not used in this comparison. Table 1 shows the descriptive results, including the means and standard deviations of students' scores on final performance. Table 2 shows the results of the analysis of variance, and Table 3 shows the results of the post hoc test (Scheffe's test). As shown in these tables, students' "final performance" increased significantly from phase 1 (No Quiz) to phase 2 (Frequent Quiz) as well as from phase 2 to phase 3 (Collaborative Quiz).
During the second and third phases of the study, students took weekly quizzes. In order to show students' progress during the semester, Table 4 compares students' average scores in the "first two quizzes" with their average scores on the "last two quizzes," in phase 2 and phase 3.
This table shows that in both cases, students' performance on weekly quizzes increased. Table 5 shows that in both phase 2 and phase 3, this increase was statistically significant. 
Discussion and conclusion
It was proposed that if students take quizzes more frequently, they will perform better in comparison with students who simply take a midterm and a final examination. Comparison of students' performance in the first with the second phase showed that when students were tested frequently, their performance improved significantly. Regarding the majority of studies in the literature, this result was expected to a large extent. However, what was interesting was that frequent testing not only improved students' performance in the short term (as reflected in their progress through quizzes) but also improved their deeper and more sustainable understanding, as reflected in their final examination (that addressed mostly higher order thinking and scenario-based problem solving) and in their final project (developing a quantitative research proposal). Therefore, frequent testing was not only helpful in factual learning but also in higher order and critical thinking. Furthermore, the results showed that frequent testing reduced the individual differences initially observed among students. This means that, as shown in Table 4 , both the range and the standard deviation of scores decreased in the final stages of the course. This finding-frequent testing as an equalizer-has not been reported in previous studies on frequent testing. While no systematic observation was initially planned as the methodology of this study, informal observation of students in phases 2 and 3 confirms earlier studies suggesting that open-book weekly quizzes lead to better test scores, less test anxiety, and greater student satisfaction. This finding was also evident in students' evaluations of the instructor at the end of the last few semesters. The results of this study disagree with some earlier studies (e.g. Agarwal et al., 2008) questioning the effectiveness of open-book examinations on deep understanding and higher order thinking. Considering students' high performance on both their final examination and their final project (which was essentially a higher order and critical thinking activity), this study shows a sustainable, meaningful, learning after frequent open-book testing.
It was also predicted that if students were allowed to work together collaboratively in a test, this would increase their performance not only on that particular test but also on the final projects and examinations taken individually. The results strongly supported this hypothesis. Students in the third group performed significantly higher on their final performance in comparison with the first and the second group.
Regarding the fact that the final performance was done individually and it was composed of a research proposal and a conceptual (higher order thinking) final examination, it is concluded that collaborative learning leads to sustained and meaningful learning. Some have reported that although collaborative work produces higher examination scores, this happens at a cost of increased confidence for groups' wrong answers (Puncochar and Fox, 2004) . Students' confidence was not directly measured in this study. However, the instructor tried to rectify students' misconceptions by discussing the questions that were consistently answered incorrectly by students, after they completed the test.
In the first phase of this research, it was noticed that students had a hard time understanding the lectures, particularly when multiple new concepts were included in the lecture. Therefore, in the next phase, students were asked to read the text before the lectures and were told that they will be given a quiz right after the lecture. Reading the chapter before the lecture served to scaffold the new concepts. It is interesting to note that initially this method was not fully successful. Many students came to class unprepared for the first few weeks. However, after a few weeks, they realized that if they did not read the chapter, they would not understand the lecture and/or they would not do well on the quizzes. In the third phase, gradually, students learned how to read the chapters, highlight the confusing parts, and ask the right questions during the lecture. The number of students' questions in class was not measured systematically. However, it was observed that both the number and the quality of students' question increased in comparison with the first phase where no weekly test was given and the second phase where the test was taken individually.
Some educators have argued that in collaborative activities some students might slack off, or not participate or contribute to the discussions (Bacon, 2005) . This is particularly possible if students have a specific partner for the whole semester. In this case, it is possible that some students take advantage of their partners and enjoy the free ride. In order to address such concerns, in the third phase, the instructor had students switch their partners for each test. This policy allowed students to have discussions with a different student each time and to have the opportunity to hear different perspectives and different problem-solving strategies.
This study was not true experimental research. The main limitation of the study was lack of random sampling and random assignment. It could be argued that students taking the course at different times are not comparable. Therefore, any differences among the three groups could be attributed (at least to some extent) to individual differences. The other limitation of this study is that it was limited to only one course. It might be argued that different courses and different contexts might lead to different conclusions.
While this study clearly shows the benefits of frequent testing and collaborative quiz taking, there are still many educators skeptical of these assessment strategies (Başol and Johanson, 2009 ). We need further research in other disciplines to examine the effectiveness of these assessment strategies. Particularly, more controlled experimental research is needed to examine the effectiveness of open-book and collaborative quiz taking on students' stress and their studying habits.
As reflected in the literature, many students and teachers believe that frequent testing is stressful for students (Russo and Warren, 1999) . This study, however, shows that if the test is open-book, if the teacher urges students to read the book before the lectures, and if students get a chance to collaborate (discuss) how to answer the quiz, it leads to positive, meaningful, and sustainable effects. It should be noted that in phase 3 of this study, students were allowed to answer the quiz questions in pairs. This policy proved to be successful both quantitatively and qualitatively. Observing students having meaningful and productive discussions about every single quiz question was very reassuring. Students did not appear to be stressed out before, during, or after the quiz. This type of teaching (assessment) was also rewarding for the instructor, as reflected in students' anonymous evaluations of the instructor. If this policy works for a research method course, a course that is not usually the students' most favorite one, it should most certainly work for courses that students like much more.
If you have tried frequent testing but stopped it due to students' stress or their complaints, if you are skeptical about the effectiveness of open-book tests, or if you think students may not study for an open-book or a collaborative test, this research may help you to rethink about some of your assessment strategies.
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